The compositions of essential oil obtained from leaves, flowers and fruits of Lantana camara L. growing in wild at Côte d'Ivoire, were investigated by GC and 13 C NMR. Thirty-seven compounds accounting for 88.3-94.5% of the oils have been identified. The leaf, flower and fruits of L. camara produced sesquiterpene-rich essential oils predominated by (E)-β-caryophyllene and α-humulene, in addition to the important content of sabinene, -phellandrene and thymol as monoterpenes. It was found the new chemical profiles of L. camara.
As regard to the literature, sesquiterpene hydrocarbons have been reported as major components, namely (E)--caryophyllene [7] [8] [9] [10] [11] [12] , germacrene D [13] [14] [15] [16] and bicyclogermacrene [17] . Limonene, sabinene and -phellandrene are the most important monoterpenes and the oxygenated compounds were mainly cis davanone, caryophyllene oxide, (E)-nerolidol, cis-3-hexen-1-ol and -cadinol [18] [19] [20] [21] . Flower oils contained citraland -phellandrene as major components, accompanied by various sesquiterpenes, such as and -caryophyllene, -elemene, -copaene, caryophyllene oxide or germacrene D [13, [21] [22] [23] [24] . Finally, fruit samples from Nigeria and India contained germacrene-D-4-ol, (E)--caryophyllene, (E)nerolidol and bicyclogermacrene as major components [25, 26] .
However, this paper deals for the first time with the description of the essential oil of L. camara from Côte d'Ivoire. The characterization of the leaf, flower and fruit oils of this spices was investigated by gas chromatography (GC) in combination with retention indices (RI) and by 13 C NMR spectroscopy.
In order to characterize the essential oil of L. camara, 15 samples were obtained from eight localities of Côte d'Ivoire. Hydro distillation of the fresh plant material of L. camara produced a pale yellow essential oil with following yields (w/w calculated on fresh weight basis): leaf oil = 0.04-0.23%; flower oil = 0.06-0.30% and fruit oil = 0.01-0.11%. Thirty-seven compounds have been identified accounting for 88.3-94.5% (Table 1 ). The composition of oils were predominated by sesquiterpenes (41.6-91.8%), whereas the monoterpenes represented 2.8-48.9%. (E)--caryophyllene and -humulene characterized all the samples with added to germacrene D and bicyclogermacrene as abundant compounds, on the one hand. Monoterpenes constituted, in the other hand, by sabinene, limonene, -phellandrene and thymol as abundant components linked to the location of harvest. That allowed to generate different chemical profile in the oil of Lantana camara.
Leaf oil:
Although all the samples seemed to present homogeneous profile, a quantitative chemical variability was observed, with a significant variation of the contents of the major components. The chemical compositions of the samples were characterized by a high proportion of sesquiterpene hydrocarbons such as (E)-caryophyllene (40.8%) and -humulene (21.2%), monoterpene hydrocarbons such as sabinene (up to 9.0%). It is noteworthy that the oil of Blokauss was poor in sabinene (0.4%) in opposition to others samples. Four other components were present at appreciable contents: bicyclogermacrene (7.9%), germacrene D (6.9%) and pinene (4.4%) as well as -elemene (up to 3.5%). By contrast, oxygenated compounds are poorly represented: linalool (0.4-1.9%), sesquithuriferol (0.3-1.7%), spathulenol (0.2-1.5%), (E)-nerolidol and -cadinol (0.0-1.0%, respectively). The contents of caryophyllene oxide reached 4.9% in one sample.
The present study confirmed that the composition of the leaf of L. camara wild in Côte d'Ivoire, is dominated by (E)--caryophyllene (32.4-40.8%) as the oils from Brazil (23.8%) [8] , Algeria (35.7%) [9] and India (27.0%) [11] . On the other hand, this compound is absent in the essential oils of leaves of Nepal [19] and Arabia [21] . In contrast to the L. camara oils analyzed up till now from Benin, Brazil, Cuba, Nepal, Yemen, India and Arabia [7, 8, 11, 13, 16, 19, 21] , the essential oil of the leaves of L. camara from Côte d'Ivoire contained -humulene, sabinene, germacrene D and bicyclogermacrene as major constituents, while these constituents were generally absent in most of the oils or, if present, were reported as minor or trace constituents. Taking account the chemical composition of the leaf oil from Congo [27] , which seemed to be comparable with our profile, it was found numerous common components namely (E)--caryophyllene, germacrene D, -humulene Order of elution and percentages are given on apolar column (BP-1) except those with an asterisk (percentages on polar column) RIa and RIp: retention indices measured on apolar (BP-1) and polar (BP-20) columns, respectively; tr = traces. Samples leaves: L1 (Adzopé); L2 (Bingerville); L3 (Yamoussoukro); L4 (Dabou); L5 (Yopougon); L6 (Songon); L7 (Blockhaus). Samples flowers: Fl1 (Adzopé); Fl2 (Bingerville); Fl3 (Dabou); Fl4 (Yamoussoukro); Fl5 (Toumodi); Fl6 (Yopougon). Samples fruits: Fr1 (Adzopé); Fr2 (Toumodi); and bicyclogermacrene in variable amounts. However, the monoterpenes accounting for 2.8% to 21.3% in our samples revealed the difference exhibited by significant amount of sabinene, α-pinene and β-pinene. Finally, as far as our knowledge, it didn't find the chemotype which has been described in our samples.
Flower oil:
The table 1 shows clearly the predominance of (E)-caryophyllene (13.5-31.1%) and -humulene (6.4-14.2%) in the six samples of the flower oil of L. camara. In addition, chemical variability was appeared with the important content of sabinene,phellandrene and thymol witch allowed to generate new chemotypes as regard to the literature [13, [21] [22] [23] [24] ]. The first one was found in Bingerville, showing thymol (32.3%), (E)--caryophyllene (13.5%) and -humulene (6.4%) as abundant components. To that added to Toumodi flower oil profile, exhibiting sabinene (15.6%), -phellandrene (7.1%), (E)--caryophyllene (25.1%) and
-humulene (8.5%) as major components. We found, sabinene, (E)--caryophyllene, -humulene and germacrene D as predominated components in the samples of Adzope, Dabou and Yopougon. Whereas, the samples of Yamoussokro contained (E)-caryophyllene (31.1%), -humulene (14.2%) and germacrene D (6.6%) as majors components.
However, L. camara flower oil from India, Saudi Arabia and Egypt, predominated by citral as monoterpene and sesquiterpenes namely (E)--caryophyllene, carophyllene oxide and -elemene; that showed clearly the difference in chemical composition with our samples [13, [21] [22] [23] [24] .
Fruit oil: (E)-caryophyllene (25.5-32.6%) and -humulene (12.4-13.3%) were the common major components of the two samples of fruit oil. The predominance of sesquiterpene was also reported in Leaf, flower and fruit oils of Lantana camara Natural Product Communications Vol. 12 (4) 2017 609 the fruit oil described in Nigeria [25] and Inde [26] , whatever, important content of limonene (16.0%) and (E)-β-farnesene (5.5%) in the sample from Adzope, has been reported for the first time. In addition to the cited sesquiterpenes, bicyclogermacrene (6.2%) and cadinol (5.0%) described in our samples should be noted as chemical characteristic of flower oil from Toumodi.
In conclusion, the first chemical description of L. camara growing in Côte d'Ivoire revealed (E)-β-caryophyllene and α-humulene as the common compounds which characterized all these samples. The predominance of some components linked to the localities of harvest, exhibited great chemical difference that led to find the new chemotypes of this species. Fresh material (0.2-2.6 Kg) was submitted to hydrodistillation for 4 h using a Clevenger-type apparatus. The oils samples were dried over anhydrous sodium sulfate and stored in refrigerator before analysis.
Experimental
Analytical GC: GC analysis was carried out using a Clarus 500 Perkin Elmer apparatus equipped with FID and two fused-silica capillary columns (50 m x 0.22 mm, film thickness 0.25 µm), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature was programmed from 60-220°C at 2°C/min and then held isothermal at 220°C for 20 min; injector temperature: 250°C; detector temperature: 250°C; carrier gas: helium (0.8 mL/min); split: 1/60. The relative proportions of the oil constituents were expressed as percentage obtained by peak area normalization, without using correction factors. Retention indices (RI) were determined relative to the retention times of a series of n-alkanes with linear interpolation («Target Compounds» software from Perkin Elmer).
C NMR Analysis:
NMR spectra were recorded on a Bruker AVANCE 400 Fourier Transform spectrometer operating at 100.63 MHz for 13 C-NMR, equipped with a 5 mm probe, in CDCl 3 , with all shifts referred to internal TMS. 13 C-NMR spectra of the oil samples were recorded with the following parameters: pulse width = 4 µs (flip angle 45°); acquisition time = 2.7 s for 128K data table with a spectral width of 25 000 Hz (250 ppm); CPD mode decoupling; digital resolution = 0.183 Hz/pt. The number of accumulated scans was 2000-3000 for each sample depending of the available amount of oil (when available, 40-50 mg of oil in 0.5 mL of CDCl 3 ).
Identification of Components:
Identification of the individual components was carried out: (i) by comparison of their GC retention indices (RIs) on polar and apolar columns, determined relative to the retention times of a series of n-alkanes with linear interpolation with those of reference compounds (ii) by 13 C NMR spectroscopy, following the method developed and computerized in our laboratories, using home-made software, by comparison with spectral data of reference compounds compiled in a laboratory-built library [28] [29] [30] . In the investigated samples individual components were identified by NMR at content as low as 0.3-0.4%.
